Demetallization of Enterococcus faecalis biofilm: a preliminary study Objectives: To determine the concentration of calcium, iron, manganese and zinc ions after the application of chelator to Enterococcus faecalis biofilms.
INTRODUCTION
The destruction of bacterial biofilm has been a significant topic in endodontic research over the years 13, 21, 25 . For this purpose, antibacterial and physicochemical effectiveness of a series of irrigating solutions has been evaluated, including sodium hypochlorite, chlorhexidine, cationic detergent, ethylenediaminetetraacetic acid (EDTA), MTAD, ozonated water, apple vinegar and other solutions [9] [10] [11] 15, 16, 20, [26] [27] [28] [29] [30] 33 .
Sodium hypochlorite is an irrigating solution largely used because of a combination of several properties:
antimicrobial action, tissue dissolution capacity and acceptable biological compatibility at less concentrated solutions [9] [10] [11] [12] 15, 16, 20, 29, 30 . Sodium hypochlorite acts on enzymatic sites essential for bacterial viability, promoting irreversible microbial inactivation due to the action of hydroxyl ions and chloramination.
The dissolution of organic tissue occurs during saponification, when sodium hypochlorite degrades fatty acids and lipids, resulting in soap and glycerol 10 .
Root canal preparation produces a smear layer, which is composed of dentin chips, remnants of pulp tissue and odontoblastic processes, microorganisms and chemicals found in irrigating agents 15, 16, [26] [27] [28] 33 .
Ethylenediaminetetraacetic (EDTA) at a neutral pH promotes the chelation of calcium ions in the dentin 15, 16, 26, 27 . This chelating agent is commonly used for smear layer removal, but has a poor antibacterial effect 15, 16, 28 . were then rinsed with 20 milliliters of deionized water to remove possible dentin chips and then autoclaved for 30 min at 120°C.
Biofilm formation
Enterococcus faecalis (#29212, ATCC Manassas, VI) was inoculated in 7 mL of brain heart infusion (BHI; The teeth were randomly allocated to one of four irrigant groups prepared with E. faecalis biofilm or one control group with no biofilm, as follows: G1 -17% EDTA (pH 3, 7 and 10; n=15); G2 -2.5% sodium hypochlorite and 17% EDTA (pH 3, 7 and 10; n=15); G3 -distilled water (pH 3, 7 and 10; n=15); G4 -2.5% sodium hypochlorite (pH 11; n=5); and G5 -no biofilm and 17% EDTA (pH 3, 7 and 10; n=15). Six teeth were added and used as controls to test the aseptic control of root canals and bacterial viability during all the experiment. All irrigant solutions were prepared in the research laboratory of the Institute of Chemistry (Federal University of Goiás, Brazil). The 2.5% sodium hypochlorite solution was obtained by dilution of a 12% solution and prepared at pH 11. The deionized water was obtained using the Milli-Q ® water purification system (Millipore, Temecula, CA, USA) and also prepared at pH 3, 7 and 10.
Determination of calcium, iron, manganese, and zinc ion concentrations
The teeth were irrigated with 20 mL of distilled water to remove the excess of the remaining medium, and dried with sterilized absorbent paper points. In the 17% EDTA group, the root canals were completely filled with the chelating agent in pH 3, 7 and 10 using a syringe and a 30-gauge needle (Ultradent Products, South Jordan, UT, USA) shaken for 5 minutes (tube shaker, P56, Araraquara, SP, Brazil). The same irrigation strategy was used for all groups. In the 2.5% sodium hypochlorite and 17% EDTA group, the root canals were first irrigated with 5 mL of 2.5% sodium hypochlorite, dried and then also completely filled with the chelating agents, for 5 minutes. In the 2.5% sodium hypochlorite and deionized water groups, the root canals were irrigated with these solutions, and dried before collecting samples. In order to collect samples from the root canals, the cervical part of the tooth was kept out of another Eppendorf tube, while the root was inside it. Immediately after the application of the test irriganting solutions, all samples were flushed with 7.5 mL deionized water. The total volume collected in the tubes was used to measure chemical element concentrations using atomic absorption spectrophotometry.
The calcium and iron ion concentrations were measured using flame atomic absorption spectrometry The graphite tube with integrated platforms had a pyrolytic coating. Argon was used as the purge gas. The analyses were performed in triplicate, and spectrometry results were described as mean ± standard deviation (SD) values.
Results Table 1 presents the spectrometry data obtained for calcium, iron, manganese and zinc ions released when chelating agents were used. Calcium concentration when EDTA was used at pH 7 was higher than at pH 3 and 10, regardless of presence of bacterial biofilm. The The importance of iron on bacterial biological processes has been demonstrated in previous studies [3] [4] [5] [6] 17, 18, 23, 24, 33 . In this study, calcium ions concentrations were higher in neutral EDTA solutions (pH 7) than in acid or alkaline EDTA solutions (pH 3 or 10), regardless of the presence of bacterial biofilm ( element concentrations of the test solutions was analyzed as described previously 27 . The bacteria selected play an important role in root canal infections 1, 8, 9, 14, 18, 30 . The period of 60 days to root canal contamination is sufficient for the bacteria to infect and to form biofilm on the root canal surface 3, 11 .
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Conclusions
The pH of chelating agents affected the removal of calcium, iron, and manganese ions. The concentration of iron ions in the biofilm in root canals was higher in the groups with 17% EDTA solution at pH 3 than in the groups with other solutions at other pH.
